ABSTRACT Conformal solution theory and the density expansion expression of the radial distribution function of fluids are used to derive a set of mixing rules. The new mixing rules are composition, density, and temperature dependent. To test the new mixing rules they are used for thermodynamic modeling of supercritical extraction. Comparison of the result of calculation by the mixing rules with the van der Waals mixing rules indicates a profound improvement over the latter in prediction of properties of mixtures consisting of species with large molecular size and shape differences.
but for mixtures containing polar species and/or species with large molec ular size and shape differences theories of equations of state are in their infancy. Due to the difficulties which exist in the development of workable, analytic statistical mechanical mixture theories, the use of mixing rules for the development of mixture equations of state from pure fluid equations of state is a more practical alternative. The density expansion (DEX) mixing rules proposed here are based on statistical mechanics which can be used to extend existing pure fl uid equations of state to mixtures. Predictions using the DEX mixing rules are demonstrated to be more accurate for mixtures consisting of species with large molecular size and shape differences than the van der Waals mixing rules.
THEORY
According to statistical mechanics, macroscopic ther modynamic properties of a pure fluid are related to its microscopic molecular characteristics by the following equations 5 : u = U;g + 21rp L "" <J,(r)g(r)r 2 dr, 
CONFORMAL SOLUTION APPROXIMATION (CSA) FOR MIXTURE RDFs
According to this approximation technique the scaled RDFs in a mixture are assumed to be all identical, and they are equal to the pseudopure fluid RDF, i.e., (10) When we use this approximation, Eqs. (7) and (8) both reduce to the same mixing rule: fxxhxx = LL X;X j f; j h ij . i j (12) This mixing rule is the first van der Waals mixing rule which, in conjunction with the second van der Waals mixing rule [ Eq. ( 11 )] is usually used for calculation of thermodynamic properties of mixtures. Let us also assume that we could make a similar expansion for RDFs in a mixture around the dilute gas mixture RDFs as the following:
The justification behind this expansion lies in the as sumption that F xAY ) is the same for the mixture and pure components from the conformal solution point of view, i.e.,
Now by placing Eqs. (13) and (14) in Eqs. (7) and (8) In the above equations, The latter mixing rule can be used, joined with the first van der Waals mixing rule, for calculation of mixture properties. It should be pointed out that since this mixing rule is a composition, temperature, and density dependent expression it must be used only for internal energy calculation where it originated. However, since it is also possible to derive it from the pressure ( or virial) equation in an approximate fashion it can be used for pressure calculation as well.
THERMODYNAMIC MODELING OF SUPERCRITICAL EXTRACTION
Application of mixture equations of state for predic tion of solubility of heavy solids and liquids in supercritical gases is a good test of mixture theories (see Table I _,
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In order to calculate the solubility from Eq. (25) we will need to choose an expression for the fugacity coefficient. Generally, for calculation of the fugacity coefficient an equation of state with an appropriate mixing rule is used.
In the present analysis we use the van der Waals equation of state
together with three different sets of mixing rules as will be described below. The choice of the van der Waals The difference between these mixing rules and the vdW l mixing rules is in the expression for b. For the unlike interaction parameters of these mixing rules the following expressions will be used:
With the vdW2 mixing rules the following expression for the fugacity coefficient of a solute in a supercritical gas will be derived: In the case when k 12 is fi tted to an experimental solubility data, for most of the cases studied predictions by the vdW2 and DEX mixing rules are almost identical, but superior to the predictions by the vdW l mixing rules. However, the absolute values of k 12 parameters calculated by the DEX mixing rules are smaller, by one order of magnitude, than the values calculated by the vdW2 mixing rules and they vary less with temperature. As a matter of fact the order of magnitude of k 12 parameters calculated by the DEX mixing rules are closer to reality than the parameters calculated by either the vdW l or vdW2 mixing rules and they also vary less with temper ature. Since the vdW2 and DEX mixing rules give essentially the same accuracy, at least for the cases tested, a relevant criteria in preferring one over the other would be the values of k 12 and its variation with temperature. Of course, an accurate theory of mixtures will produce interaction parameters which are independent of temper ature. Overall, solubility predictions by the DEX mixing rules are superior to the vdW2 mixing rules and the predictions by the vdW2 mixing rules are superior to the vdW l mixing rules.
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